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A B S T R A C T
Background: There is little knowledge about clinical outcomes after the percutaneous coronary
intervention (PCI) in hemodialysis patients with long lesions. The objective of the present study was to
examine the long-term prognosis after PCI in hemodialysis patients in the second-generation drug-
eluting stents (DES) era.
Methods: We retrospectively enrolled 270 consecutive hemodialysis patients who underwent PCI using
second-generation DES from January 2010 to July 2015. We defined long lesions as the total stent length
>30 mm. In total, 96 hemodialysis patients (35.6%) underwent PCI for long lesions. The median follow-up
period was 2.7 years. The endpoints of this study were cardiac death, target lesion revascularization
(TLR), and major adverse cardiovascular events (MACE), including cardiac death, non-fatal myocardial
infarction, non-fatal stroke, stent thrombosis, and TLR.
Results: The patients’ baseline characteristics were similar between the long lesion and the non-long
lesion groups, except for prior PCIs (long-lesion vs. non-long lesion = 30.2% vs. 46.0%; p = 0.01). Kaplan–
Meier analyses revealed that the incidence of cardiac death, TLR, and MACE were comparable between
the two groups (long lesion vs. non-long lesion; 5.2% vs. 5.7%, log-rank p = 0.84, 26.0% vs. 23.0%, log-rank
p = 0.29, and 43.8% vs. 40.2%; log-rank p = 0.49, respectively).
Conclusions: Clinical outcomes of PCI for long lesions in hemodialysis patients were similar to that of
non-long lesions. Long-stenting in hemodialysis patients, who were considered high-risk subset of
adverse cardiovascular events, might be acceptable in the second-generation DES era.
© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Coronary artery disease may be found in over 50% of patients
with end-stage renal disease [1,2] and patients requiring chronic
hemodialysis have a 3-fold higher rate of cardiovascular events
compared with individuals that have normal kidney function [3,4].
Hemodialysis is generally thought to be one of the major risk
factors for cardiovascular events after percutaneous coronary* Corresponding author at: Department of Cardiology, The Heart Institute of
Japan, Tokyo Women’s Medical University, 8-1 Kawada-cho, Shinjuku-ku, Tokyo
162-8666, Japan.
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0914-5087/© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsintervention (PCI) [5–7]. Previous studies have revealed poor
clinical outcomes among hemodialysis patients after PCI in
comparison with non-hemodialysis patients in long-term clinical
follow-up [8–11]. Diffuse and severe calcifications are typical
lesion characteristics after PCI in hemodialysis patients. To date,
longer target lesion lengths have been reported to be highly
associated with target lesion revascularization (TLR) and stent
thrombosis after PCI [12–15]. However, clinical outcomes after
long stent implantation in hemodialysis patients have not been
examined sufficiently, especially in the current era of the second-
generation drug-eluting stents (DES) [16]. Therefore, the purpose
of the present study was to examine the incidence of adverse
clinical outcomes after the PCI in hemodialysis patients, with a
focus on long stenting using second-generation DES. reserved.
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Study design and population
This was a retrospective single-center study. The study
population was derived from 496 consecutive hemodialysis
patients who underwent PCI at the Tokyo Women’s Medical
University Hospital between January 2010 and July 2015. We
excluded patients who underwent PCI to treat non-de novo lesions,
multi-lesion stenting at the time of the index procedure, balloon
angioplasty, and bare metal stent or first-generation DES
implantation. Ultimately, 270 consecutive hemodialysis patients
that received dual antiplatelet therapy (DAPT) for at least 6 months
after the second-generation DES implantation were enrolled into
this study. The patients were divided into two groups according to
lesion length (Fig. 1). In the present study, we defined long lesions
as the total stent length >30 mm. Clinical characteristics including
age, sex, body mass index, coronary risk factors (hypertension,
diabetes mellitus, dyslipidemia, smoking status, malignancy),
clinical presentation, previous history of heart failure, myocardial
infarction, PCI, coronary bypass graft surgery, peripheral arterial
disease, hemodialysis duration, and current cardiovascular medi-
cation use were comprehensively reviewed for all participants.
Interventional procedures
Specific second-generation DESs that were implanted in this
study comprised the following groups: (1) everolimus-eluting
stents - Xience VTM, Xience PrimeTM, Xience XpeditionTM (Abbott
Vascular Company, Santa Clara, CA, USA), Promus elementTM,
Promus premiereTM (Boston Scientific Company, Natick, MA, USA);
2) zotarolimus-eluting stents - Resolute IntegrityTM, Resolute
EndeavorTM (Medtronic company, Minneapolis, MN, USA); 3)
biolimus A9-eluting stents - NoboriTM (Terumo company, Tokyo,
Japan). Stent implantations were performed under intravascular
ultrasound-guidance or optical coherence tomography-guidance
in all cases. The definition of a successful stent implantation was
residual stenosis <25%, with thrombolysis in myocardial infarction
flow grade 3 in the target vessel by angiography assessment at the
end of the procedure. The procedural endpoint for each PCI was left
to the discretion of the operator according to the angiographic and/
or intravascular images. The left ventricular ejection fraction was
determined for all participants using contrast ventriculography
and/or transthoracic echocardiography during their hospitaliza-
tions. All patients were administered antiplatelet regimensFig. 1. Diagram of the study design. BMS, bare metal stent; DES, drug-eluting stent;
DAPT, dual antiplatelet therapy; PCI, percutaneous coronary intervention; POBA,
plain old balloon angioplasty; TLR, target lesion revascularization; TVR, targeted
vessel revascularization; TWMU, Tokyo Women’s Medical University.consisting of lifelong aspirin (81–100 mg/day) and P2Y12 inhibi-
tors, including clopidogrel (75 mg/day), ticlopidine (200 mg twice
daily), or prasugrel (3.75 mg/day) for at least 6 months, as long as
there were no contraindications. The duration of DAPT was left to
the discretion of the attending physicians. Mandated follow up
angiographies were performed at 6 to 9 months after stent
implantation. The patients’ data during the observational period
was obtained from outpatient clinic visits and reviews of their
medical records.
Study endpoints and definitions
The endpoints of this study were cardiac death, TLR, and MACE
including cardiac death, non-fatal myocardial infarction, non-fatal
stroke, stent thrombosis. Cardiac death was defined as any death
due to cardiac causes such as myocardial infarction, heart failure,
or fatal cardiac arrhythmia, as well as any death with an
undetermined etiology. TLR was defined as repeat coronary
intervention for any lesion that occurred within the stent or at
5-mm distant from either the proximal or distal edge of the stent
implanted in the index procedure. Myocardial infarction was
defined according to the most recent version of the European
Society of Cardiology (ESC) universal definition of myocardial
infarction 2012 [17]. Stent thrombosis included possible or definite
stent thrombosis using the definition generated by the Academic
Research Consortium. Non-fatal stroke was defined by both non-
fatal hemorrhagic and ischemic stroke. The final decision to
perform repeat revascularization was left to the discretion of the
attending physicians, who essentially made these determinations
by visual assessment. They used the degrees of angiographic
stenosis, cardiac ischemic-related symptoms, and other examina-
tions such as exercise stress tests and myocardial perfusion
scintigraphy examinations in their determinations. Regarding
event counting, the authors used the per-patient basis method
in this study.
Statistical analysis
Normally distributed data are reported as means  standard
deviations, asymmetrically distributed data as means  standard
errors, whereas categorical variables are expressed as frequencies
and percentages. The comparisons were made using the Student’s
t-test for normally distributed continuous variables or Mann–
Whitney U test for asymmetrically distributed continuous vari-
ables, while categorical variables were compared using the chi-
square or Fisher’s exact tests as appropriate. Time-to-events
estimates were evaluated using a Kaplan-Meier analysis, and were
compared using the log-rank test. Univariate and multivariate
analyses were performed to identify the independent predictors of
adverse events. After the univariate analysis was performed,
multivariate Cox proportional hazard analyses were performed,
using the pertinent covariates associated with the clinical events of
interest from the univariate analysis (p < 0.10). The results of
multiple variable Cox analyses were reported as hazard ratios with
95% confidence intervals and p-values. A two-tailed p-value less
than 0.05 was considered to be statistically significant. Missing
data were not included with the average values in each group and
were not included in the analysis. All statistical analysis processes
were performed by an independent physician using the statistical
analysis software JMP1 Statistics Analysis for Windows, Version
13.0 (SAS institute, Cary NC, USA).
Ethical considerations
The study protocol was approved by ethical committee of the
Tokyo Women’s Medical University Hospital. All participating
K. Soontorndhada et al. / Journal of Cardiology 75 (2020) 374–380376patients provided written informed consent. Patient enrollment
and the conducting of the study were carried out according to the
principles of the Declaration of Helsinki.
Results
Baseline clinical characteristics
The patients’ baseline characteristics are summarized in
Table 1. The baseline characteristics were similar between the
long lesion and the non-long lesion groups, with the exception of
the proportion of prior PCI procedures (long-lesion vs. non-long
lesion = 30.2% vs. 46.0%; p = 0.01). There was no significant
difference between the two study groups in terms of medications
at discharge (Table 2).
Lesion characteristics and procedural features
Lesion characteristics and procedural features are summarized
in Table 3. The proportions of target vessels were significantly
different between the two groups. Complex lesions (lesion type B2
and C) and highly calcified lesions were more common in the long
lesion group than in the non-long lesion group (87.4% vs. 40.5%,
respectively, p < 0.001 for complex lesions; and 50.0% vs. 36.8%,
respectively, p = 0.03 for highly calcified lesions). As a proper
result, point of Synergy between Percutaneous Coronary Interven-
tion with Taxus and Cardiac Surgery (SYNTAX) score was higher in
the long-lesion group than in the non-long lesion groupTable 1
Baseline characteristics.
Variables Long lesion group (n = 96) 
Basic characteristics
Age (years) 64.33 10.21 
Male sex 78 (81.3%) 
BMI kg/m2 23.24  3.41 
Hypertension 79 (82.3%) 
Diabetes 73 (76.0%) 
Diabetes with insulin therapy 45 (46.9%) 
Hyperlipidemia 53 (55.2%) 
Current smoking 56 (58.3%) 
Cause of renal failure
Diabetic nephropathy 64 (66.7%) 
Chronic glomerulonephritis 17 (17.7%) 
Nephrosclerosis 4 (4.2%) 
Others 11 (11.5%) 
Hemodialysis duration (months) 9.56  0.81 
Clinical Presentation
Silent myocardial ischemia 48 (50.0%) 
Acute coronary syndrome 24 (25.0%) 
UAP/NSTEMI 21 (21.8%) 
STEMI 3 (3.1%) 
Heart failure 18 (18.8%) 
Ejection fraction (%) 44.8  11.0 
Atrial fibrillation 20 (20.8%) 
Prior MI 8 (8.3%) 
Prior PCI 29 (30.2%) 
Prior CABG 12 (12.5%) 
Prior stroke 16 (16.7%) 
Peripheral artery disease 37 (38.5%) 
Laboratory Data
Hemoglobin (g/dl) 11.01 1.54 
HDL (mg/dl) 38.82  2.99 
LDL (mg/dl) 78.42  4.06 
Triglyceride level (mg/dl) 145.62  7.99 
Albumin (g/dl) 3.67  0.06 
CRP (mg/dl) 0.84  0.15 
BMI, body mass index; CABG, coronary artery bypass grafting; CRP, C-reactive prote
infarction; NSTEMI, non-ST elevation myocardial infarction; PCI, percutaneous corona
pectoris.(21.7  10.4 vs. 17.7  10.5; p = 0.005). The use of rotational
atherectomy was higher in the long-lesion group than in the
non-long lesion group (32.3% vs. 16.7%, respectively; p = 0.004).
The types of second-generation DES used were similar between the
two groups and comprised predominantly everolimus-eluting
stents.
Major cardiovascular adverse events
The median follow-up period was 2.7 years (interquartile
range: 1.1–3.3 years). The overall incidence rates for clinical
outcomes are shown in Table 4. The results of the Kaplan-Meier
analysis for the primary endpoint is shown in Fig. 2. The incidence
of cardiac death and TLR in the long-lesion group were similar to
those of the non-long lesion group (5.2% vs. 5.7%, log-rank
p = 0.84 and 26.0% vs. 23.0%, log-rank p = 0.29, respectively). The
incidence of MACE was not also significantly different between two
groups (43.8% vs. 40.2%, respectively; log-rank p = 0.49). The causes
of death are divided into cardiac death and non-cardiac death and
shown in Table 5.
The results of the univariate and multivariate analyses for
predicting MACE are shown in Table 6. After the multivariate
analysis using Cox proportional hazard model, current smoking
(hazard ratio: 2.11; 95% confidence interval: 1.15–3.90; p = 0.015),
admission for acute coronary syndrome (hazard ratio: 2.17; 95%
confidence interval: 1.11–4.26; p = 0.023), and SYNTAX score 23
(hazard ratio: 1.86; 95% confidence interval: 1.01–3.41; p = 0.007)
were independent predictors of MACE.Non-long lesion group (n = 174) p-Value
65.23 10.73 0.50
136 (78.2%) 0.55























11.08  1.51 0.72
40.42 1.80 0.11
80.86  4.06 0.29
146.5 12.58 0.76
3.65  0.04 0.95
1.44  0.21 0.07
in; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial
ry intervention; STEMI, ST elevation myocardial infarction; UAP, unstable angina
Table 2
Medications at discharge day.
Medications Long-lesion group (n = 96) Non-long lesion group (n = 174) p-Value
Aspirin 96 (100.0%) 171 (98.3%) 0.10
Clopidogrel 81 (84.4%) 141 (81.0%) 0.49
Ticlopidine 4 (4.2%) 15 (8.6%) 0.15
Prasugrel 8 (8.3%) 7 (4.0%) 0.15
Cilostazol 13 (13.5%) 23 (13.2%) 0.94
Warfarin 12 (12.5%) 25 (14.4%) 0.66
ACEi 15 (15.6%) 29 (16.7%) 0.82
ARB 54 (56.3%) 102 (58.6%) 0.71
Beta-Blocker 71 (74.0%) 115 (66.1%) 0.18
CCB 53 (55.2%) 89 (51.1%) 0.52
Statin 56 (58.3%) 103 (59.2%) 0.89
Nitrate 19 (19.8%) 49 (28.2%) 0.12
Nicorandil 24 (25.0%) 59 (33.9%) 0.13
Alpha-Blocker 13 (13.5%) 15 (8.6%) 0.21
Diuretics 41 (42.7%) 55 (31.6%) 0.07
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker.
Table 3
Lesion characteristics and procedural features.
Variables Long-lesion group (n = 96) Non-long lesion group (n = 174) p-Value
Target vessel
LMT 9 (9.6%) 15 (8.6%) 0.85
LAD 27 (28.1%) 54 (31.0%) 0.72
LCX 48 (50.0%) 98 (56.3%) 0.50
RCA 70 (72.9%) 102 (58.6%) 0.03
SVG graft 5 (5.3%) 8 (4.7%) 0.34
Lesion classification
ACC/AHA type B2 and C 83 (87.4%) 70 (40.5%) <0.001
Bifurcation lesion 25 (26.0%) 49 (28.2%) 0.72
Ostial lesion 3 (3.1%) 16 (9.2%) 0.34
Chronic Total Occlusion 12 (12.5%) 6 (3.5%) 0.27
Moderate/Severe calcification 48 (50.0%) 64 (36.8%) 0.03
Reference vessel <3 mm 31 (32.3%) 65 (37.4%) 0.46
SYNTAX score 21.7  10.4 17.7 10.5 0.005
Procedural features
Pre-dilatation 96 (100.0%) 174 (100.0%) 1.00
Stent diameter (mm) 2.9  0.3 3.1 0.4 0.02
Small stent <3 mm 48 (50.0%) 62 (35.6%) 0.40
Total stent length (mm) 52.3 18.9 20.9  5.6 <0.001
Number of stents 2.0  0.7 1.1 0.3 <0.001
Post dilatation 88 (91.7%) 156 (89.7%) 0.59
Rotational Atherectomy 31 (32.3%) 29 (16.7%) 0.001
Restudy Repeat angiogram 90 (93.8%) 158 (90.8%) 0.70
Drug-eluting stent
Everolimus-eluting stent 77 (80.2%) 124 (71.2%) 0.24
Zotarolimus-eluting stent 16 (16.7%) 27 (15.6%) 0.82
Biolimus-eluting stent 3 (3.1%) 23 (13.2%) 0.14
ACC, American College of Cardiology; AHA, American Heart Association; LAD, left anterior descending artery; LCX, left circumflex artery; LMT, left main trunk; PCI,




Endpoints Long-lesion group (n = 96) Non-long lesion group (n = 174) p-Value
Cardiac death 5 (5.2%) 10 (5.7%) 0.85
TLR 25 (26.0%) 40 (23.0%) 0.58
MACE 42 (43.8%) 70 (40.2%) 0.57
Non-fatal MI 14 (14.6%) 16 (9.2%) 0.18
Non-fatal stroke 2 (2.1%) 2 (1.2%) 0.88
Stent thrombosis 2 (2.1%) 3 (1.7%) 0.83
MACE, major adverse cardiac events; MI, myocardial infarction; TLR, target lesion revascularization.
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Table 5
Causes of death.
Variables Long-lesion group (n = 96) Non-long lesion group (n = 174)
Cardiac death
Myocardial infarction 3 (3.1%) 7 (4.0%)
Heart failure 1 (1.1%) 2 (1.2%)
Malignant arrhythmia 1 (1.1%) 1 (0.6%)
Non-cardiac death
Fatal bleeding 1 (1.1%) 1 (0.6%)
Malignancy 1 (1.1%) 2 (1.2%)
Infection 0 (0.0%) 1 (0.6%)
Others 0 (0.0%) 1 (0.6%)
Fig. 2. Kaplan–Meier curves of clinical events. (A) Cardiac death. (B) Target lesion revascularization. (C) MACE. MACE, major adverse cardiac events; PCI, percutaneous
coronary intervention.
Table 6
Univariate and multivariate analysis for MACE.
Variables Univariate Multivariate
HR (95% CI) p-Value HR (95% CI) p-Value
Hypertension 2.14 (1.03–4.44) 0.034
Current smoking 1.90 (1.15–3.15) 0.012 2.11 (1.15–3.90) 0.015
Acute coronary syndrome 1.62 (0.94–2.78) 0.084 2.17 (1.11–4.26) 0.023
OMI 1.65 (1.01–2.70) 0.046
Prior PCI + Prior CABG 1.98 (1.20–3.27) 0.007
Ejection fraction <40% 1.89 (1.12–3.33) 0.017
SYNTAX score 23 2.09 (1.22–3.58) 0.007 1.86 (1.01–3.41) 0.045
CCB 0.64 (0.39–1.04) 0.071
Diuretics 0.64 (0.38–1.09) 0.099
CABG, coronary artery bypass grafting; CCB, calcium channel blocker; CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac events; OMI, old myocardial
infarction; PCI, percutaneous coronary intervention; SYNTAX, Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery.
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The major findings in the present study were: (1) in
hemodialysis patients, PCI for long lesion showed comparable
incidence of cardiovascular events to PCI for non-long lesion
during median follow-up period of 2.7 years, and (2) the
independent predictors of MACE in hemodialysis patients who
underwent PCI were current smoking, admission for acute
coronary syndrome, and SYNTAX score more than 23 points.
As is widely known, patients with end-stage kidney disease
requiring chronic hemodialysis have an extremely high risk of
cardiovascular events compared with individuals that have normal
kidney function [18–20]. Previously, some studies found higher
adverse cardiovascular events after long and ultra-long lesion PCIs
using second-generation DESs in non-hemodialysis patients [21].
Our present results indicated that hemodialysis patients with long
lesion treated by PCI using second-generation DESs, did not have a
higher risk of MACE than hemodialysis patients with non-long
lesion. After, the second-generation DES was released, we could
use one long stent, especially for the lesion less than 30 mm. In fact,
the average total stent length was 20.9  5.6 mm and number of
stents was 1.1  0.3 in non-long lesion group in the present study.
On the other hand, the average total stent length was
52.3  18.9 mm and number of stents was 2.0  0.7 in long-lesion
group. These results suggest the long stenting with stents
overlapping in hemodialysis patients would not increase adverse
events. There might be two explanations. First, the second-
generation DES would perform better than the previous generation
of DESs and bare metal stents because of their improved
conformability in complex lesions. Moreover, the everolimus-
eluting stent (EES), which was the most frequently used stent in
our study, has sound antithrombotic properties [22]. Second, the
contemporary imaging-guided (intravascular ultrasound or optical
coherence tomography) PCI could detect stent under-expansion,
stent mal-apposition, stent-edge dissection, and residual proximal
stenosis, result in optimal stent implantation even in long lesion
with overlapping stents, and avoid catastrophic events [23].
However, the risk of MACE and TLR in the hemodialysis patients
in our study was still notably higher, when compared with the non-
hemodialysis patients, regardless of stent type and/or length
[24,25]. We considered that higher MACE event rates in our study
population made the differences in clinical predictors, including
stent length less noticeable.
Smoking history, admission for acute coronary syndrome, and
SYNTAX score more than 23 points were the independent
predictors of MACE in our study. Prior studies have reported that
smoking history and admission for acute coronary syndrome are
suggestive of endothelial disorder progression [26,27], which
worsens the prognosis of patients treated with PCI. With respect to
SYNTAX score, previous studies showed mortality to be signifi-
cantly higher with a higher SYNTAX score [28]. In general,
impairment of renal function causes a decrease in the excretion
of serum phosphate. Increased phosphate combines with calcium,
and promotes arteriosclerosis that eventually increases cardiovas-
cular events. Hemodialysis patients were also found to have a
higher frequency of advanced atherosclerosis and comorbidities
than those without hemodialysis. Thus, in our study population of
hemodialysis patients, it is thought that MACE rate became
significantly higher in patients with SYNTAX score 23, rather than
the cut-off point of 33 which is conceded to be highest risk. A
previous paper reported that low left ventricular ejection fraction
was one of the important predictors of adverse clinical outcome in
general hemodialysis patients, not specific for the patients who
underwent PCI [29]. In the present study, low ejection fraction was
not an independent predictor for MACE after multivariate analysis.
Together with the impact of SYNTAX score for MACE in the presentstudy, the complexity of PCI might have a strong effect on clinical
outcome in hemodialysis patients undergoing PCI.
Study limitation
The present study had the following several limitations: (1) This
is a non-randomized observational retrospective study with small
number of patients conducted at a single institute. The low
statistical power might have impacted our ability to detect
potentially significant differences in the baseline patient char-
acteristics, lesion characteristics, procedural features, and differ-
ences in clinical outcomes over time. (2) We could not examine the
detailed quantitative coronary angiography (QCA) and imaging
modality data of the lesion in the present study. (3) According to
the American College of Cardiology/American Heart Association
and the European Society of Cardiology guidelines, the length of
DAPT period tends to be shortened even after DES implantation
[30]. In our study, all participants received DAPT for at least
6 months after DES implantation, but the actual durations and
points of termination of DAPT were not reported. Moreover,
adverse bleeding episodes, which might have impacted some of
the clinical events, were not described in this current study.
Conclusion
Clinical outcome of PCI for long lesions in hemodialysis patients
were similar to that of non-long lesions. Long-stenting in
hemodialysis patients, who were considered a high-risk subset
for adverse cardiovascular events, might be acceptable in the
second-generation DES era.
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